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(54) Modular fuel injector having a lift set sleeve 



(57) A fuel injector (100) for use with an internal 
combustion engine. The fuel injector (100) comprises a 
valve group subassembly (200) and a coil group sub- 
assembly (300). The valve group subassembly (200) in- 
cludes a tube assembly having a longitudinal axis that 
extends between a first end (200A) and a second end 
(200B); a seat (250) that is secured at the second end 
(200B) of the tube assembly and that defines an open- 
ing; an armature assembly (260) that is disposed within 
the tube assembly; a member (270) that biases the ar- 
mature assembly (260) toward the seat (250); an adjust- 
ing tube (281 ) that is disposed in the tube assembly and 
that engages the member for adjusting a biasing force 
of the member (270); a filter (285) that is located within 
the tube assembly and integral with the adjusting tube 
(281). The coil group subassembly (300) includes a so- 
lenoid coil (310) that is operable to displace the arma- 
ture assembly (260) with respect to the seat (250). Fur- 
thermore, the valve group subassembly (200) includes 
a lift sleeve to set a relative axial position between the 
seat (250) and the tube assembly. 
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Description 

Background of the Invention 

[0001] It is believed that examples of known fuel in- 
jection systems use an injector to dispense a quantity 
of fuel that is to be combusted in an internal combustion 
engine. It is also believed that the quantity of fuel that is 
dispensed is varied in accordance with a number of en- 
gine parameters such as engine speed, engine load, en- 
gine emissions, etc. 

[0002] It is believed that examples of known electronic 
fuel injection systems monitor at least one of the engine 
parameters and electrically operate the injector to dis- 
pense the fuel. It is believed that examples of known 
injectors use electro -magnetic coils, piezoelectric ele- 
ments, or rnagnetostrictive materials to actuate a valve. 
[0003] It is believed that examples of known valves 
for injectors include a closure member that is movable 
with respect to a seat. Fuel flow through the injector is 
believed to be prohibited when the closure member 
sealingly contacts the seat, and fuel flow through the 
injector is believed to be permitted when the closure 
member is separated from the seat. 
[0004] It is believed that examples of known injectors 
include a spring providing a force biasing the closure 
member toward the seat. It is also believed that this bi- 
asing force is adjustable in order to set the dynamic 
properties of the closure member movement with re- 
spect to the seat. 

[0005] It is further believed that examples of known 
injectors include a filter for separating particles from the 
fuel flow, and include a seal at a connection of the injec- 
tor to a fuel source. 

[0006] It is believed that such examples of the known 
injectors have a number of disadvantages. It is believed 
that examples of known injectors must be assembled 
entirely in an environment that is substantially free of 
contaminants. It is also believed that examples of known 
injectors can only be tested after final assembly has 
been completed. 

Summary of the Invention 

[0007] According to the present invention, a fuel in- 
jectorcan comprise a plurality of modules, each of which 
can be independently assembled and tested. According 
to one embodiment of the present invention, the mod- 
ules can comprise a fluid handling subassembly and an 
electrical subassembly. These subassemblies can be 
subsequently assembled to provide a fuel injector ac- 
cording to the present invention. 

[0008] The present invention provides a fuel injector 
for use with an internal combustion engine. The fuel in- 
jector comprises a valve group subassembly and a coil 
group subassembly. The valve group subassembly in- 
cludes a tube assembly having a longitudinal axis x- 
tending b tween a first end and a second end; a s at 



secured at the second end of the tube ass mbly, the 
seat defining an opening; a lift sleeve tel scopically dis- 
posed within the tube assembly a predetermined dis- 
tance to set a relative axial position between the seat 

5 and the tube assembly; an armature assembly disposed 
within the tube assembly; a member biasing the arma- 
ture assembly toward the seat; an adjusting tube located 
in the tube assembly, the adjusting tube engaging the 
member and adjusting a biasing force of the member; a 

10 finer disposed at least within the tube assembly; and a 
first attaching portion. The coil group subassembly in- 
cludes a solenoid coil operable to displace the armature 
assembly with respect to the seat; and a second attach- 
ing portion fixedly connected to the first attaching por- 

1$ tion. 

[0009] The present invention further provides a fuel 
injector for use with an internal combustion engine. The 
fuel injector comprises a valve group subassembly and 
a coil group subassembly. The valve group subassem- 
bly includes a tube assembly having a longitudinal axis 
extending between a first end and a second end. The 
tube assembly includes an inlet tube having a first inlet 
tube end and a second inlet tube end; a non-magnetic 
shell having a first shell end connected to the second 
inlet tube end at a first connection and further having a 
second shell end; and a valve body having a first valv 
body end connected to the second shell end at a second 
connection and further having a second valve body end; 
a seat secured at the second end of the tube assembly, 
the seat defining an opening; a crush ring positioned 
along the longitudinal axis proximate the seat with re- 
spect to the tube assembly; an armature assembly dis- 
posed within the tube assembly; a member biasing the 
armature assembly toward the seat; an adjusting tube 
located in the tube assembly, the adjusting tube engag- 
ing the member and adjusting a biasing force of the 
member; a filter disposed at least within the tube assem- 
bly; and a first attaching portion. The coil group sub- 
assembly includes a solenoid coil operable to dispiac 
the armature assembly with respect to the seat; and a 
second attaching portion fixedly connected to the first 
attaching portion. 

[001 0] The present invention also provides for a meth- 
od of assembling a fuel injector. The method comprises 
providing a valve group subassembly, providing a coil 
group subassembly, and inserting the valve group sub- 
assembly into the coil group subassembly. The valve 
group subassembly includes a tube assembly having a 
longitudinal axis extending between a first end and a 
second end; a seat secured at the second end of the 
tube assembly, the seat defining an opening; a lift sleeve 
telescopically disposed within the tube assembly a pre- 
determined distance to set a relative axial position be- 
tween the seat and the tube assembly; an armature as- 
sembly disposed within the tube assembly; a member 
biasing the armature assembly toward the seat; an ad- 
justing tube located in the tube assembly, the adjusting 
tube engaging the member and adjusting a biasing force 
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of the member; a filter disposed at least within the tube 
assembly; and a first attaching portion. The coil group 
subassembly includes a solenoid coil operable to dis- 
place the armature assembly with respect to the seat; 
and a second attaching portion. 

Brief Description of the Drawings 

[0011] The accompanying drawings, which are incor- 
porated herein and constitute part of this specification, 
illustrate an embodiment of the invention, and, together 
with the general description given above and the de- 
tailed description given below, serve to explain features 
of the invention. 

[0012] Figure 1 is a cross-sectional view of a fuel in- 
jector according to the present invention. 
[0013] Figure 1 A is a cross-sectional view of a varia- 
tion of the fuel injector according to the present inven- 
tion. 

[0014] Figure 2A is a cross-sectional view of a fluid 
handling subassembly of the fuel injector shown in Fig- 
ure 1 . 

[0015] Figure 2B is an isometric view of the fluid han- 
dling subassembly shown in Figure 2. 
[001 6] Figure 2C is another isometric view of the fluid 
handling subassembly shown in Figure 2. 
[0017] Figure 3 is a cross-sectional view of an electri- 
cal subassembly of the fuel injector shown in Figure 1 . 
[0018] Figure 3A is a cross-sectional view of the two 
overmolds for the electrical subassembly of Figure 1 . 
[001 9] Figure 4 is an isometric view of the fuel injector 
according to the present invention. 
[0020] Figure 5 is a flow chart of the method of as- 
sembling the modular fuel injector of the present inven- 
tion. 

Detailed Description of the Preferred Embodiment 

[0021] Referring to Figures 1-4, a solenoid actuated 
fuel injector 100 dispenses a quantity of fuel that is to 
be combusted in an internal combustion engine (not 
shown). The fuel injector 1 00 extends along a longitudi- 
nal axis A-A between a first injector end 238 and a sec- 
ond injector end 239, and includes a valve group sub- 
assembly 200 and a power group subassembly 300. 
The valve group subassembly 200 performs fluid han- 
dling functions, e.g., defining a fuel flow path and pro- 
hibiting fuel flow through the injector 100. The power 
group subassembly 300 performs electrical functions, 
e.g., converting electrical signals to a driving force for 
permitting fuel flow through the injector 1 00. 
[0022] Referring to Figures 1 and 2, the valve group 
subassembly 200 comprises a tube assembly extending 
along the longitudinal axis A-A between a first tube as- 
sembly end 200A and a second tube assembly end 
200B. The tube assembly includes at least an inlet tube, 
a non-magnetic sh II 230, and a valve body 240. The 
inlet tube 210 has a first inlet tube end proximate to the 



first tube assembly end 200A. A second end of the inlet 
tube 210 is connected to a first sh II end of the non- 
magnetic shell 230. A second shell end of the non-mag- 
netic shell 230 is connected to a first valve body end of 

5 the valve body 240. And a second valve body end of the 
valve body 240 is proximate to the second tube assem- 
bly end 200B. The inlet tube 210 can be formed by a 
deep drawing process or by a roiling operation. A pole 
piece can be integrally formed at the second inlet tube 

10 end of the inlet tube 210 or, as shown, a separate pole 
piece 220 can be connected to a partial inlet tube 210 
and connected to the first shell end of the non-magnetic 
shell 230. The non-magnetic shell 230 can comprise 
non-magnetic stainless stee[, e.g., 300 series stainless 

75 steels, or any other material that has similar structural 
and magnetic properties. 

[0023] A seat 250 is secured at the second end of the 
tube assembly. The seat 250defines an opening cen- 
tered on the fuel injector's longitudinal axis A-A and 

20 through which fuel can flow into the internal combustion 
engine (not shown). The seat 250includes a sealing sur- 
face surrounding the opening. The sealing surface, 
which faces the interior of the valve body 240, can be 
frustoconical or concave in shape, and can have a fin- 

25 ished surface. An orifice disk 254 can be used in con- 
nection with the seat 250to provide at least one precisely 
sized and oriented orifice in order to obtain a particular 
fuel spray pattern. 

[0024] With reference to Figure 2B, a lift sleeve 255 

30 is telescopically mounted in the valve body 240 to set 
the seat 250 at a predetermined axial distance from the 
inlet tube 210 or the armature in the tube assembly. This 
feature can be seen in the exploded view of Fig. 2B 
wherein the separation distance between the seat 

35 250and the armature can be set by inserting the lift 
sleeve 255 in a telescopic fashion into the valve body 
240. The use of lift sleeve 255 allows the injector lift to 
be set and tested prior to final assembly of the injector. 
Furthermore, adjustment to the lift can be done by mov- 

40 ing the lift sleeve 255 in either axial direction as opposed 
to scrapping the whole injector. Once the injector lift is 
determined to be correct, the lift sleeve 255 is affixed to 
the housing 330 by a laser weld. 
[0025] Alternatively, a crush ring 256 can be used in 

45 lieu of a lift sleeve 255 to set the injector lift height, as 
shown in Fig. 2C. The use of a crush ring 256 allows for 
quicker injector assembly when the dimensions of th 
inlet tube, non-magnetic shell 230, valve body 240 and 
armature are fixed for a large production run. 
50 [0026] An armature assembly 260 is disposed in the 
tube assembly. The armature assembly 260 includes a 
first armature assembly end having a ferro-magnetic or 
armature portion 262 and a second armature assembly 
end having a sealing portion. The armature assembly 
55 260 is disposed in the tube assembly such that the mag- 
netic portion, or " armatur ," 262 confronts the pole 
pi ce 220. Th s aling portion can include a closur 
member 264, e.g., a spherical valve element, that is 
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moveable with respect to the seat 250 and its sealing 
surface 252. The closure member 264 is movable be- 
tween a closed configuration, as shown in Figures 1 and 
2, and an open configuration (not shown). In the closed 
configuration, the closure member 264 contiguously en- 
gages the sealing surface 252 to prevent fluid flow 
through the opening. In the open configuration, the clo- 
sure member 264 is spaced from the seat 250 to permit 
fluid flow through the opening. The armature assembly 
260 may also include a separate intermediate portion 

266 connecting the ferro-magnetic or armature portion 
262 to the closure member 264, The intermediate por- 
tion or armature tube 266 can be fabricated by various 
techniques, for example, a plate can be rolled and its 
seams welded or a blank can be deep-drawn to form a 
seamless tube. The intermediate portion 266 is prefer- 
able due to its ability to reduce magnetic flux leakage 
from the magnetic circuit of the fuel injector 100. This 
ability arises from the fact that the intermediate portion 
or armature tube 266 can be non-magnetic, thereby 
magnetically decoupling the magnetic portion or arma- 
ture 262 from the ferro-magnetic closure member 264. 
Because the ferro-magnetic closure member is decou- 
pled from the ferro-magnetic or armature 262, flux leak- 
age is reduced, thereby improving the efficiency of the 
magnetic circuit. 

[0027] At least one axially extending through-bore 

267 and at least one apertures 268 through a wall of the 
armature assembly 260 can provide fuel flow through 
the armature assembly 260.. The apertures 268, which 
can be of any shape, are preferably non-circular, e.g., 
axially elongated, to facilitate the passage of gas bub- 
bles. For example, in the case ol a separate intermedi- 
ate portion 266 that is formed by rolling a sheet substan- 
tially into a tube, the apertures 268 can be an axially 
extending slit defined between non-abutting edges of 
the rolled sheet. The apertures 268 provide fluid com- 
munication between the at least one through-bore 267 
and the interior of the valve body 240. Thus, in the open 
configuration, fuel can be communicated from the 
through-bore 267, through the apertures 268 and the in- 
terior of the valve body 240, around the closure member 
264, and through the opening into the engine (not 
shown), 

[0028] In the case of a spherical valve element pro- 
viding the closure member 264, the spherical valve el- 
ement can be connected to the armature assembly 260 
at a diameter that is less than the diameter of the spher- 
ical valve element. Such a connection would be on side 
of the spherical valve element that is opposite contigu- 
ous contact with the seat. A lower armature guide can 
be disposed in the tube assembly, proximate the seat, 
and would slidingly engagethe diameter of the spherical 
valve element. The lower armature guide can facilitate 
alignment of the armature assembly 260 along the axis 
A-A, and can magnetically decouple the closure mem- 
ber 264 from the ferro-magnetic or armature portion 262 
of the armature assembly 260. 
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[0029] A resilient memb r270isdispos d in th tub 
assembly and biases the armature assembly 260 to- 
ward the seat. A filter assembly 282 comprising a filter 
284A and an adjusting tube 280 is also disposed in the 
5 tube assembly. The filter assembly 282 includes a first 
end and a second end. The filter 284A is disposed at 
one end of the filter assembly 282 and also located prox- 
imate to the first end of the tube assembly and apart 
from the resilient member 270 while the adjusting tube 

10 280 is disposed generally proximate to the second end 
of the tube assembly. The adjusting tube 280 engages 
the resilient member 270 and adjusts the biasing force 
of the member with respect to the tube assembly. In par- 
ticular, the adjusting tube 280 provides a reaction mem- 

is ber against which the resilient member 270 reacts in or- 
der to close the injector valve 1 00 when the power group 
subassembly 300 is de-energized. The position of the 
adjusting tube 280 can be retained with respect to the 
inlet tube 210 by an interference fit between an outer 

20 surface of the adjusting tube 280 and an inner surfac 
of the tube assembly. Thus, the position of the adjusting 
tube 280 with respect to the inlet tube 210 can be used 
to set a predetermined dynamic characteristic of the ar- 
mature assembly 260. Alternatively, as shown in Figure 

25 2A, a filter assembly 282' comprising adjusting tub 
280A and inverted cup-shaped filtering element 284B 
can be utilized in place of the cone type filter assembly 
282. 

[0030] The valve group subassembly 200 can be as- 

30 sembled as follows. The non-magnetic shell 230 is con- 
nected to the inlet tube 210 and to the valve body 240. 
The filter assembly 282 or 282* is inserted along the axis 
A-A from the first inlet tube end of the inlet tube 210, 
Next, the resilient member 270 and the armature as- 

35 sembly 260 (which was previously assembled) are in- 
serted along the axis A-A from the second valve body 
end of the valve body 240. The filter assembly 282 or 
282* can be inserted into the inlet tube 210 to a prede- 
termined distance so as to abut the resilient member. 

40 The position of the filter assembly 282 or 282' with re- 
spect to the inlet tube 210 can be used to adjust th 
dynamic properties of the resilient member, e.g., so as 
to ensure that the armature assembly 260 does not float 
or bounce during injection pulses. The seat 250 and or- 

45 jfice disk 254 are then inserted along the axis A-A from 
the second valve body end of the valve body 240. At this 
time, a probe can be inserted from either the inlet tub 
end 200A or the outlet tube end 200B to check for the 
lift of the injector. If the injector lift is correct the lift 

so sleeve 255 and the seat 250 are fixedly attached to the 
valve body 240. It should be noted here that both the 
seat 250 and the lift sleeve 255 are fixedly attached to 
the valve body 240 by known conventional attachment 
techniques, including, for example, laser welding, 

55 crimping, and friction welding or conventional welding, 
and preferably laser welding. The seat 250 and orifice 
disk 254 can be fix dly attached to one another or to the 
valve body 240 by known attachment t chniques such 
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as laser welding, crimping, friction welding, convention- 
al welding, etc. 

[0031] Referring to Figures 1 and 3, th power group 
subassembly 300 comprises an electromagnetic coil 
310, at least one terminals 320, a housing 330, and an 
overmold 340. The electromagnetic coil 31 0 comprises 
a wire that that can be wound on a bobbin 314 and elec- 
trically connected to electrical contact 322 on the bobbin 
314. When energized, the coil generates magnetic flux 
that moves the armature assembly 260 toward the open 
configuration, thereby allowing the fuel to flow through 
the opening. De-energizing the electromagnetic coil 31 0 
allows the resilient member 270 to return the armature 
assembly 260 to the closed configuration, thereby shut- 
ting off the fuel flow. Each electrical terminal 320 is in 
electrical communication with a respective electrical 
contact 322 of the coil 31 0. The housing 330, which pro- 
vides a return path for the magnetic flux, generally com- 
prises a ferromagnetic cylinder 332 surrounding the 
electromagnetic coil 31 0 and a fiux washer 334 extend- 
ing from the cylinder toward the axis A-A. The washer 
334 can be integrally formed with or separately attached 
to the cylinder. The housing 330 can include holes, slots, 
or other features to break-up eddy currents that can oc- 
cur when the coil is de-energized. The overmold 340 
maintains the relative orientation and position of the 
electromagnetic coil 310, the at least one electrical ter- 
minals 320 (two are used in the illustrated example), and 
the housing 330. The overmold 340 covers electrical 
connector portions 324 in which a portion of the termi- 
nals 320 are exposed. The terminals 320 and the elec- 
trical connector portions 324 can engage a mating con- 
nector, e.g., part of a vehicle wiring harness (not shown), 
to facilitate connecting the injector 100 to an electrical 
power supply (not shown) for energizing the electro- 
magnetic coil 310. 

[0032] According to a preferred embodiment, the 
magnetic flux generated by the electromagnetic coil 3 1 0 
flows in a circuit that comprises, the pole piece 220, a 
working air gap between the pole piece 220 and the 
magnetic armature portion 262, across a parasitic air 
gap between the magnetic armature portion 262 and the 
valve body 240, the housing 330, and the flux washer 
334. 

[0033] The coil group subassembly 300 can be con- 
structed as follows. A plastic bobbin 314 can be molded 
with at least one electrical contacts 322. The wire 312 
for the electromagnetic coil 31 0 is wound around the 
plastic bobbin 314 and connected to the electrical con- 
tacts 322 . The housing 330 is then placed over the elec- 
tromagnetic coil 310 and bobbin 314. A terminal 320, 
which is pre-bent to a proper shape, is then electrically 
connected to each electrical contact 322. An overmold 
340 is then formed to maintain the relative assembly of 
the coil/bobbin unit, housing 330, and terminal 320. The 
overmold 340 also provid s a structural case for the in- 
jector and provides predetermined electrical and ther- 
mal insulating properties. A separate collar can be con- 



nected, e.g. , by bonding, and can provide an application 
specific characteristic such as an orientation feature or 
an identification feature for the injector 100. Thus, the 
overmold 340 provides a universal arrangement that 

5 can be modified with the addition of a suitable collar. To 
reduce manufacturing and inventory costs, the coil/bob- 
bin unit can be the same for different applications. As 
such, the terminal 320 and overmold 340 (or collar, if 
used) can be varied in size and shape to suit particular 

10 tube assembly lengths, mounting configurations, elec- 
trical connectors, etc. 

[0034] Alternatively, as shown in Fig. 3A, a two-piece 
overmold can be used instead of the one-piece overmo- 
ld 340. The two-piece overmold allow for afirst overmold 

is 341 that is application specif ic^while the second over- 
mold 342 can be for all applications. The first overmold 
is bonded to a second overmold, allowing both to act as 
electrical and thermal insulators for the injector. Addi- 
tionally, a portion of the housing 330 can extend axially 

20 beyond an end of the overmold 340 and can be formed 
with a flange to retain an O-ring. 
[0035] As is particularly shown in Figures 1 and 4, the 
valve group subassembly 200 can be inserted into the 
coil group subassembly 300. To ensure that the two su- 

25 bassemblies are fixed in a proper axial orientation, 
shoulders 222A of the pole piece 220 engages corre- 
sponding shoulders 222B of the coil subassembly. Next, 
the resilient member 270 is inserted from the inlet end 
of the inlet tube 210. Thus, the injector 100 is made of 

30 two modular subassemblies that can be assembled and 
tested separately, and then connected together to form 
the injector 1 00. The valve group subassembly 200 and 
the coil group subassembly 300 can be fixedly attached 
by adhesive, welding, or another equivalent attachment 

35 process. According to a preferred embodiment, a hole 
360 through the overmold exposes the housing 330 and 
provides access for laser welding the housing 330 to the 
valve body 240. 

[0036] The first injector end 238 can be coupled to the 

40 fuel supply of an internal combustion engine (not 
shown). The O-ring can be used to seal the first injector 
end 238 to the fuel supply so that fuel from a fuel rail 
(not shown) is supplied to the tube assembly, with the 
O-ring making a fluid tight seal, at the connection be- 

45 tween the injector 100 and the fuel rail (not shown). 
[0037] In operation, the electromagnetic coil 310 is 
energized, thereby generating magnetic flux is the mag- 
netic circuit. The magnetic flux moves armature assem- 
bly 260 (along the axis A-A, according to a preferred em- 

so bodiment) towards the integral pole piece 220 50, i.e., 
closing the working air gap. This movement of the ar- 
mature assembly 260 separates the closure member 
264 from the seat 250 and allows fuel to flow from the 
fuel rail (not shown), through the inlet tube, the through- 

55 bore 267, the elongated openings and the valve body 
240, between the seat 250 and the closure member264, 
through the opening, and finally through th orifice disk 
254 into the internal combustion ngine (not shown). 
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When the electromagnetic coil 310 is de-energized, the 
armature assembly 260 is moved by the bias of the re- 
silient member 270 to contiguously engage the closure 
member 264 with the seat, and thereby prevent fuel flow 
through the injector 100. 

[0038] Referring to Figure 5, a preferred assembly 
process can be as follows: 

1. A pre-assembled valve body and non-magnetic 
sleeve is located with the valve body oriented up. 

2. A screen retainer, e.g., a lift sleeve, is loaded into 
the valve body/non-magnetic sleeve assembly. 

3. A lower screen can be loaded into the valve body/ 
non-magnetic sleeve assembly. 

4. A pre-assembled seat and guide assembly is 
loaded into the valve body/non-magnetic sleeve as- 
sembly. 

5. The seat/guide assembly Is pressed to a desired 
position within the valve body/non-magnetic sleeve 
assembly. 

6. The valve body is welded, e.g., by a continuous 
wave laser forming a hermetic lap seal, to the seat. 

7. A first leak test is performed on the valve body/ 
non-magnetic sleeve assembly. This test can be 
performed pneumatically. 

8. The valve body/non-magnetic sleeve assembly 
is inverted so that the non-magnetic sleeve is ori- 
ented up. 

9. An armature assembly is loaded into the valve 
body/non-magnetic sleeve assembly. 

10. A pole piece is loaded into the valve body/non- 
magnetic sleeve assembly and pressed to a pre-lift 
position. 

11. Dynamically, e.g., pneumatically, purge valve 
body/non-magnetic sleeve assembly. 

12. Set lift. 

13. The non-magnetic sleeve is welded, e.g., with 
a tack weld, to the pole piece. 

14. The non-magnetic sleeve is welded, e.g., by a 
continuous wave laser forming a hermetic lap seal, 
to the pole piece. 

15. Verify lift 

16. A spring is loaded into the valve body/non-mag- 
netic sleeve assembly. 

17. A filter/adjusting tube is loaded into the valve 
body/non-magnetic sleeve assembly and pressed 
to a pre-cal position. 

1 8. An inlet tube is connected to the valve body/non- 
magnetic sleeve assembly to generally establish 
the fuel group subassembly. 

19. Axially press the fuel group subassembly to the 
desired over-all length. 

20. The inlet tube is welded, e.g., by a continuous 
wave laser forming a hermetic lap seal, to the pole 
piece. 

21 . A second leak t st is performed on the fuel 
group subassembly. This test can be performed 
pneumatically. 
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22. The fuel group subassembly is inverted so that 
the seat is oriented up. 

23. An orifice is punched and loaded on the seat. 

24. The orifice is welded, e.g., by a continuous wave 
5 laser forming a hermetic lap seal, to the seat. 

25. The rotational orientation of the fuel group sub- 
assembly/orifice can be established with a "look/ori- 
ent/look" procedure. 

26. The fuel group subassembly is inserted into the 

10 (pre-assembled) power group subassembly. 

27. The power group subassembly is pressed to a 
desired axial position with respect to the fuel group 
subassembly. 

28. The rotational orientation of the fuel group sub- 
15 assembly/orifice/power group subassembly can be 

verified. 

29. The power group subassembly can be laser 
marked with information such as part number, serial 
number, performance data, a logo, etc. 

20 30. Perform a high-potential electrical test. 

31 . The housing of the power group subassembly 
is tack welded to the valve body. 

32. A lower O-ring can be installed. Atternatively, 
this lower O-ring can be installed as a post test op- 

25 eration. 

33. An upper O-ring is installed. 

34. Invert the fully assembled fuel injector. 

35. Transfer the injector to a test rig. 

30 [0039] To set the lift, i.e., ensure the proper injector lift 
distance, there are at least four different techniques that 
can be utilized. According to a first technique, a crush 
ring 256 that is inserted into the valve body 240 between 
the lower guide 257 and the valve body 240 can be de- 

35 formed. According to a second technique, the relativ 
axial position of the valve body 240 and the non-mag- 
netic shell 230 can be adjusted before the two parts ar 
affixed together. According to a third technique, the rel- 
ative axial position of the non-magnetic shell 230 and 

40 the pole piece 220 can be adjusted before the two parts 
are affixed together. And according to a fourth tech- 
nique, a lift sleeve 255 can be displaced axially within 
the valve body 240. If the lift sleeve technique is used, 
the position of the lift sleeve can be adjusted by moving 

45 the lift sleeve axially. The lift distance can be measured 
with a test probe. Once the lift is correct, the sleeve is 
welded to the valve body 240, e.g., by laser welding. 
Next, the valve body 240 is attached to the inlet tube 
210 assembly by a weld, preferably a laser weld. The 

so assembled fuel group subassembly 200 is then tested, 
e.g., for leakage. 

[0040] As is shown in Figure 5, the lift set procedure 
may not be able to progress at the same rate as the other 
procedures. Thus, a single production line can be split 
55 into a plurality (two are shown) of parallel lift setting sta- 
tions, which can thereafter be recombined back into a 
single production line. 

[0041] The preparation of the power group sub-as- 
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sembly, which can include (a) the housing 330, (b) the 
bobbin assembly including the terminals 320, (c) the flux 
washer 334, and (d) the ovemnold 340, can be per- 
formed separately from the fuel group subassembly. 
[0042] According to a preferred embodiment, wire 
31 2 is wound onto a pre-formed bobbin 31 4 with at least 
one electrical contact 322 molded thereon. The bobbin 
assembly is inserted into a pre-formed housing 330. To 
provide a return path for the magnetic flux between the 
pole piece 220 and the housing 330, flux washer 334 is 
mounted on the bobbin assembly. A pre-bent terminal 
320 having axially extending connector portions 324 are 
coupled to the electrical contact portions 322 and 
brazed, soldered welded, or preferably resistance weld- 
ed. The partially assembled power group assembly is 
now placed into a mold (not shown). By virtue of its pre- 
bent shape, the terminals 320 will be positioned in the 
proper orientation with the harness connector 321 when 
a polymer is poured or injected into the mold. Alterna- 
tively, two separate molds (not shown) can be used to 
form a two-piece overmold as described with respect to 
Figure 3A. The assembled power group subassembly 
300 can be mounted on a test stand to determine the 
solenoid's pull force, coil resistance and the drop in volt- 
age as the solenoid is saturated. 
[0043] The inserting of the fuel group subassembly 
200 into the power group subassembly 300 operation 
can involve setting the relative rotational orientation of 
fuel group subassembly 200 with respect to the power 
group subassembly 300. The inserting operation can be 
accomplished by one of two methods: "top-down" or 
"bottom-up." According to the former, the power group 
subassembly 300 is slid downward from the top of the 
fuel group subassembly 200, and according to the latter, 
the power group subassembly 300 is slid upward from 
the bottom of the fuel group subassembly 200. In situa- 
tions where the inlet tube 21 0 assembly includes a flared 
first end, bottom-up method is required. Also in these 
situations, the O-ring 290 that is retained by the flared 
first end can be positioned around the power group su- 
bassembly 300 prior to sliding the fuel group subassem- 
bly 200 into the power group subassembly 300. After 
inserting the fuel group subassembly 200 into the power 
group subassembly 300, these two subassemblies are 
affixed together, e.g., by welding, such as laser welding. 
According to a preferred embodiment, the ovemnold 340 
includes an opening 360 that exposes a portion of the 
housing 330. This opening 360 provides access for a 
welding implement to weld the housing 330 with respect 
to the valve body 240, Of course, other methods or af- 
fixing the subassemblies with respect to one another 
can be used. Finally, the O-ring 290 at either end of the 
fuel injector can be installed. 

[0044] The method of assembly of the preferred em- 
bodiments, and the preferred embodiments them- 
selves, are believed to provide manufacturing advan- 
tages and benefits. For xampl , because of the mod- 
ular arrangement only the valve group subassembly is 



required to be assembl d in a "clean" room environ- 
ment. The power group subassembly 300 can be sep- 
arately assembled outside such an environment, ther - 
by reducing manufacturing costs. Also, the modularity 
5 of the subassemblies permits separate pre-assembly 
testing of the valve and the coil assemblies. Since only 
those individual subassemblies that test unacceptable 
are discarded, as opposed to discarding fully assembled 
injectors, manufacturing costs are reduced. Further, the 
10 use of universal components (e.g., the coil/bobbin unit, 
non-magnetic shell 230, seat 250, closure member 264, 
filter/retainer assembly 282, etc.) enables inventory 
costs to be reduced and permits a "just-in-time" assem- 
bly of application specific injectors. Only those compo- 
15 nents that need to vary for a particular application, e.g., ^ 
the terminals 320 and inlet tube 210 need to be sepa- 
rately stocked. Another advantage is that by locating the 
working air gap, i.e., between the armature assembly 
260 and the pole piece 220, within the electromagnetic 
20 coil 310, the number of windings can be reduced. In ad- 
dition to cost savings in the amount of wire 31 2 that is 
used, less energy is required to produce the required 
magnetic flux and less heat builds-up in the coil (this 
heat must be dissipated to ensure consistent operation 
25 of the injector). Yet another advantage is that the mod- , 
ular construction enables the orifice disk 254 to be at- 
tached at a later stage in the assembly process, even 
as the final step of the assembly process. This just-in- 
time assembly of the orifice disk 254 allows the selection 
30 of extended valve bodies depending on the operating 
requirement. Further advantages of the modular assem- 
bly include out-sourcing construction of the power group 
subassembly 300, which does not need to occur in a 
clean room environment. And even if the power group 
35 subassembly 300 is not out-sourced, the cost of provid- 
ing additional clean room space is reduced. 
[0045] While the present invention has been dis- 
closed with reference to certain embodiments, numer- 
ous modifications, alterations, and changes to the de- 
40 scribed embodiments are possible without departing 
from the sphere and scope of the present invention, as 
defined in the appended claims. Accordingly, it is intend- 
ed that the present invention not be limited to the de- 
scribed embodiments, but that it have the full scope de- 
45 fined by the language of the following claims, and equiv- 
alents thereof. 
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Claims 

1. A fuel injector for use with an internal combustion 
engine, the fuel injector comprising: 

a valve group subassembly including: 

a tube assembly having a longitudinal axis 
extending betwe n a first end and a sec- 
ond end; 
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a seat secured at the second end of the 
tube assembly, the seat defining an open- 
ing; 

a lift sleeve telescopically disposed within 
the tube assembly a predetermined' dis- 
tance to set a relative axial position be- 
tween the seat and the tube assembly; 
an armature assembly disposed within the 
tube assembly; 

a member biasing the armature assembly 
toward the seat; 

an adjusting tube located in the tube as- 
sembly, the adjusting tube engaging the 
member and adjusting a biasing force of 
the member; 

a filter disposed at least within the tube as- 
sembly; and 

a first attaching portion; and a coii group 
subassembly including: 

a solenoid coil operable to displace the 
armature assembly with respect to the 
seat; and 

a second attaching portion fixedly con- 
nected to the first attaching portion. 

The fuel injector according to claiml, wherein the 
valve group subassembly is axially symmetric 
about the longitudinal axis. 

The fuel injector according to claim 1 , wherein the 
filter is conical with respect to the longitudinal axis. 
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The fuel injector according to claim 1 , wherein the 
filter has a cup shape including an open filter end 
and a closed filter end. 

The fuel injector according to claim 4 ( wherein the 
closed filter end is proximate the seat. 

The fuel injector according to claim 1 , wherein the 
tube assembly includes a non-magnetic shell, the 
non-magnetic shell having a guide extending from 
the non-magnetic shell toward the longitudinal axis. 

The fuel injector according to claim 1, wherein the 
armature assembly further comprises an intermedi- 
ate portion coupled between a magnetic portion and 
a sealing portion, the intermediate portion is adapt- 
ed to magnetically decouple the magnetic portion 
and the sealing portion. 

The fuel injector according to claim 1 , wherein the 
coil group subassembly further including a housing 
module having: 

a first insulator portion gen rally surrounding 
the second end of the inlet tube; and 
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a second insulator portion g nerally surround- 
ing the first end of the inlet tube, the second 
insulator portion being bonded to the first insu- 
lator portion. 

A fuel injector for use with an internal combustion 
engine, the fuel injector comprising: 

a valve group subassembly including: 

a tube assembly having a longitudinal axis 
extending between a first end and a sec- 
ond end, the tube assembly including: 

an inlet tube having a first inlet tube 
end and a second inlet tube end; 
a non-magnetic shell having a first 
shell end connected to the second inlet 
tube end at a first connection and fur- 
ther having a second shell end; and 
a valve body having a first valve body 
end connected to the second shell end 
at a second connection and further 
having a second valve body end; 

a seat secured at the second end of th 
tube assembly, the seat defining an open- 
ing; 

a crush ring positioned along the longitudi- 
nal axis proximate the seat with respect to 
the tube assembly; 

an armature assembly disposed within the 
tube assembly; 

a member biasing the armature assembly 
toward the seat; 

an adjusting tube located in the tube as- 
sembly, the adjusting tube engaging the 
member and adjusting a biasing force of 
the member; 

a filter disposed at least within the tube as- 
sembly; and 

a first attaching portion; and a coil group 
subassembly including: 

a solenoid coil operable to displace the 
armature assembly with respect to the 
seat; and 

a second attaching portion fixedly con- 
nected to the first attaching portion. 

. The fuel injector according to claim 9, wherein the 
valve group subassembly is axially symmetric 
about the longitudinal axis. 

The fuel injector according to claim 9, wherein the 
filter is conical with respect to the longitudinal axis. 

The fuel injector according to claim 9, wh rein the 
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filter has a cup shape including an open filter end 
and a closed filter end. 

1 3. The f u I injector according to claim 1 2, wherein the 
clos d filter end is proximate the seat. 

14. The fuel injector according to claim 9, wherein the 
tube assembly includes a non-magnetic shell, the 
non-magnetic shell having a guide extending from 
the non-magnetic shell toward the longitudinal axis. 

15. The fuel injector according to claim 9, wherein the 
armature assembly further comprises an intermedi- 
ate portion coupled between a magnetic portion and 
a sealing portion, the intermediate portion is adapt- 
ed to magnetically decouple the magnetic portion 
and the sealing portion. 

16. The fuel injector according to claim 9, wherein the 
coii group subassembly further including a housing 
module having a first insulator portion generally sur- 
rounding the second end of the inlet tube, and a sec- 
ond insulator portion generally surrounding the first 
end of the inlet tube, the second insulator portion 
being bonded to the first insulator portion. 

17. A method of assembling a fuel injector, comprising: 



the valve group subassembly. 

18. The method according to claim 17, further compris- 
ing: 

5 

connecting the first and second attaching por- 
tions together. 

19. The method according to claim 1 8, wherein the con- 
to necting comprises welding. 

20. The method according to claim 1 7, further compris- 
ing: 

is welding the coil group subassembly to the valve 

group subassembly. 



providing a valve group subassembly including: 

30 

a tube assembly having a longitudinal axis 
extending between a first end and a sec- 
ond end; 

a seat secured at the second end of the 
tube assembly, the seat defining an open- 35 
ing; 

a lift sleeve telescopically disposed within 
the tube assembly a predetermined dis- 
tance to set a relative axial position be- 
tween the seat and the tube assembly; ^o 
an armature assembly disposed within the 
tube assembly; 

a member biasing the armature assembly 
toward the seat; 

an adjusting tube located in the tube as- 4 * 
sembly, the adjusting tube engaging the 
member and adjusting a biasing force of 
the member; 

a filter disposed at least within the tube as- 
sembly; and st 
a first attaching portion; providing a coil 
group subassembly including: 

a solenoid coil operable to displace the 
armature assembly with respect to the 5; 
s at; and 

a second attaching portion; and insert- 
ing the coil group subassembly over 
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